The study sought to use Jensen's two-level theory of mental abilities to predict some hitherto unknown or unnoticed phenomena--facts about which the theory should yield clear-cut predictions and which are not as clearly predictable from other theories, though they may receive ad hoc explanations after the fact. From the two-level theory of mental abilities (Level 1: rate learning and memory, involving little or no transformation of the input; Level 2: complex cognitive processing involving transformation and mental manipulation of input) it was predicted that forward digit span (FDS) should correlate less with IQ than backward digit span (BDS), and age and race should interact with FDS -BDS, with the FDS-BDS difference decreasing as a function of age and a greater white-black difference in BDS than in FDS. The latter prediction is derived from the hypothesis that the magnitude of racial differences should be a function of the degree to which Level 2 predominates in the cognitive demands of the particular test. The predictions were substantiated at a high level of significance !n large representative samples of white and black children of ages 5-12 years, who were given the Wechsler Intelligence Scale for Children (Revised). Supplementary studies found no support for rival hypotheses based on anxiety, task difficulty, and race of examiner. (Author/JM 
A philosopher of science, the late Imre Lakatos (197) , built his theory of scientific progress on the central idea that the chief criterion for appraising the progressiveness of theories or research programs is whether they can predict novel facts, as contrasted with merely concocting ad hoc interpretations of already established facts. If the predictions seem unlikely or defy common sense expectations, and then are borne out, so much the better for the theory.
In an attempt to apply this criterion to Jensen's two-level theory of mental abilities, we have sought to use the theory to predict some hitherto unknown or unnoticed phenomena--facts about which the theory should yield clearcut predictions and which are not as clearly predictable from other theories, though they may receive ad hoc explanations after the fact. Whether the predicted facts themselves are or are not of any immediate or practical consequence is irrelevant in this context. The aim is only to test the theory.
The original formulation of the two-level theory stated:
"Level I. involves the neural registration and consolidation of stimulus inputs and the formation of associations.
There is relatively little transformation of the input, so there is a high correspondence between the form of the stimulus input and the form of the response output.
. .
Level II abilities, on the other hand, involve 2 self-initiated elaboration and transformation of the stimulus input before it eventuates in an overt response. . . . The subject must actively manipulate the input to arrive at the output," (Jensen, 1969, pp. 110-111) . A later artile cle (Jensen, I970a, sharpened these definitIons: Level 1 ability is essentially the capacity to receive or register stimuli, to store them, and to later recognize or recall the material with a high degree of fidelity. . . .
it is characterized by the lack of any need of elaboration, transformation or manipulation of the input in order to arrive at the output. . . . In human performance digit span is one of the clearest examples of Level I ability.
IleverseLailsuanwould represent a less are form of Level I ability, since some transformation of the input is required rior to out ut [italics added].
Level II ability . . . is characterized by transformation and manipulation of the stimulus prior to making the response.".
In another article Jensen (1970b, pp. 52-53) notes that the Level I-Level II distinction is not based on a difference in task difficulty 2er se. The crucial difference involves the complexity of the task's cognitive demands.
Given this conceptualization of the distinction between the two hypothetical classes of abilities called Level I and Level II, it is clear, as Jensen first noted in 1970a, that forward and backward digit span must differ in the degree to which they reflect Level I and Level II ability. The ability to repeat a string of digits just as they were heard involves less mental manipulation or transformation than the ability to say the digits in the reverse of the order of presentation--the so-called backward digit span (BDS 3ince, according to the theory, the g factor which accounts for most of the variance in standard intelligence tests highly reflects Level 11 abilities, we should then predict that (Hypothesis 1) BDS is more highly correlated with IQ thin is FDS. Jensen (1969 Jensen ( , 1971a Jensen ( , 1971b Jensen ( , 1973b Jensen ( , 1974b has also argued that the magnitude of mean differences typically found between Whites and Blacks on a variety of mental tests and scholastic performances can be explained in terms of a hypothesized difference in the distributions of Level I and Level II abilities in the two races. Figure 1 depicts the hypothesis in a schematically idealized form.
(In reality tests o Level I and Level II may not be pure measures of these abilities and samples may not always be truly representative of the respective racial groups.) Evidence favoring this hypothesis has been presented in
Insert Figure 1 about here other studies (Jensen, 1971b (Jensen, , 1973a (Jensen, , 1973c (Jensen, , 1974a . Given this hypothesis in connection with the essential Level I-Level II distinction, we should predict that (Hypothesis 2) the mean White-Black difference is greater in BDS than in FOS, or stated in statistical terms, there is a Race X FDS vs. BDS interaction.
Another prediction from the theory, which is not tested in the present study, is that there should be an interaction of race (i.e., White-Black) with visual vs. auditory digit span, and the interaction should be magnified under conditions of delayed recall (i.e., about 10-12 seconds after presentation), with mildly (The precise experimental procedures are detailed by Blacks should perform relatively less well on visual than on auditory digit span tests.
This prediction is based on the theory, which is supported by many lines of evidence (see Jensen, 1971c) Blacks increasingly diverge from early childhood to maturity, with Whites having the more accelerated curve, we should expect to find a significant triple interaction of race x age x FDS vs. BDS. The simplo interaction of race x age follows from the theory, but, as it is based on the combined FDS + BDS scores and is tested against the error term of subjects within race within ages, it should be very hard to detect in the present study. After all, IDS is a quite impure measure of Level 11 and could even be much more highly loaded on Level 1. All we can be sure of from prior theoretical considerations is that BUS must involve Level II more than does FDS.
Method
Subjects the data of the main study are based on large random and representative samples of White and Black children in approximately equal nunbers from ages 5 years 0 months to 11 years 12 months in California schools. To achieve the random samples, 98 school districts were selected at random from among all the school districts in California. This sampling was done in such a way that the probability of any school district's being selected was related to the number of pupils of the particular racial group being sampled who were enrolled in that district. Within each district a single school was picked at random, and within each school one male and one female child was picked at random from each of the grades from K through 6. Thus the largest sample selected from any one school was 14. This entire randomization procedure was applied independently to the selection of the White and Black samples, with total Ns of 669 and 621, respectively. Other refinements of the sampling procedure used here to achieve highly representative samples of the child populations in the respective ethnic groups are described in detail elsewhere (Mercer, 1972; Figueroa, 197S) .
Studies supplementing the main study were conducted with large representative samples of White and Black elementary school children in two California districts--Bakersfield and Berkeley.
Fstc
The Wechsler Intelligence Scale for Children-Revised (WISC -R) was individually 6 administered according to the standard procedures described in the test manual (Wechsler, 1974) by trained psychometrists to all Ss in the main study.
the tests for forward digit span (FDS) and backward digit :span (BDS) are supplementary subscales of the WISC-R. In FDS the tester reads aloud digit series of from three to nine digits, paced at one second per digit, and the child is asked to repeat the series. Two trials are given on each series and one raw score point is given for each series repeated correctly. BDS has series of from two to eight digits, which the S must repeat in reverse order, and is scored in the same manner.
Results and Discussion
The WISC-R raw scores on FDS and BDS were separately converted to standard scores, each scaled to a mean of 10 and standard deviation of 3 within each 4-month age interval from age 5 years 0 months to 11 years 12 months. With agestandardized scores, the statistical analyses can be applied to the total sample of all ages combined, thus making possible the most powerful tests of the first two hypotheses.
Hypothesis 1 states that BDS is more highly correlated with IQ than is FDS. are less highly correlated in the Black than in the White population (Jensen, 1973a (Jensen, , 1974a and BDS, there can be no main effect for digit span; and of course age is eliminated as a factor.) The hypothesis is tested by the Race X FDS vs. BDS interaction term, which turns out to be highly significant (F = 14.05, df = 1, 1289, z< .001). Thus the second hypothesis is strongly confirmed. An ANOVA was also performed on the raw scores for digit span, which then includes the factors of age (7 groups in 1-year intervals) and FDS vs. BDS, and their interactions.
For raw scores, the predicted interaction of Race x FDS vs. BDS is highly So how are we to decide between the Level I-II theory and the anxiety theory in interpreting these results?
It has been reported frequently in the clinical literature that anxiety has a greater adverse effect on digit span than on any of the other subtests of the Wechsler (e.g., Payne, 1961, p. 233) . In fact, a low digit span score, relative to the other Wechsler subscales, is generally interpreted as an anxiety
indicator. This being the case, if Blacks were more anxious than Whites one should expect :lacks' performance on digit span to be among their lowest scores, whereas in fact they do better on digit span than on any of the other subtests which are less affected by anxiety.
Are Blacks in general more anxious than Whites? In a large sample of school children in grades 4 to 8 Jensen (1973d) found a small but significant White-Black difference in the N scale of the Junior Eysenck Personality Inventory, which is an anxiety scale similar to and highly correlated with Taylor's Manifest Anxiety Scale. But the Whites had the slightly higher score (less than 1 point). Moreover, the N scale showed nonsignificant and negligible correlations with verbal and nonverbal IQ in both'racial groups. But a review of research on the relationship between anxiety and performance on the Wechsler scales found little consistent evidence of a relationship between digit span and the kind of trait anxiety measured by questionnaires; however, the literature shows quite consistently that digit span performance is related to state anxiety (Matarazzo, 1972, pp. 445-6) . "State anxiety" (also called "situational anxiety") is anxiety aroused in a specific situation, as contrasted with a more or less chronic disposition (called "trait anxiety"). If this is the case, the anxiety hypothesis cannot be properly tested by using a self-report inventory of trait anxiety. There is another possible drawback to scores on a personality inventory:
they can be adventitiously correlated with IQ without there being any direct causal connection between the personality trait and intelligence test performance. For example there is a significant negative correlation between IQ and the Lie scale of the Eysenck Personality Inventory (Jensen, 1973d)s and Gough (1953) has devised a "nonintellectual intelligence test" wholely out of personality inventory items which correlate with IQ without any implication that changing the personality traits involved would alter the IQ.
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The only satisfactory recourse is to rely on the construct validity of state anxiety 1.,r devising a test situation in which the effects of state anxiety should be manifested and then see if the predicted effects are borne out.
This was our approach. Reviews of the literature on the effects of state anxiety on test performance (e.g., Matarazzo, 1972, pp. 443-8) suggest that it operates through such mechanisms as emotionality, excitability, inattentiveaess, and distractibility. The anxious subject's emotions interfere with his riving his full attention to the immediate required task, and his efficiency is thereby reduced. State anxiety therefore especially affects timed tests in which the efficiency of the subjects' mental activity in utilizing the time available is an important aspect of performance.
Our aim, then, should be to administer the very same Level I test, such as forward digit span, under two different conditions, one of which should magnify the interfering effect of state anxiety. In a previous study (Jensen, 1965) it was found that any enforced delay in the recall of a series of digits resulted in fewer digits being recalled than if recall immediately followed the presentation of the digit series; this was true only if a distracting stimulus was interposed during the delay interval between presentation and recall. Without interposed distraction, subjects use the delay interval for rehearsal and consolidation of the presented material, and this improves recall. Under nondistracting delay in recall, provided the delay is not too long, the short-term A.
BM COPY Ai/ARABLE memory trace is protected to some degree from "output interference," i.e., the loss of the latter part of the digit series as a result of having to recall the first part.
Since state anxiety is manifested as distractability in the test situation, it should act as an interposed interference tn delayed recall, and consequently one should predict that the digit span performance of more anxious rubjects should benefit less from delayed recall (as compared with immediate recall) than the performance of less anxious subjects. The hypothesis that Blacks are more anxious than Whites thus yields the prediction that the White-Black differ.. recall tests were preceded by three practice series of 3 digits each. Every S received both I and D conditions. A "bong" signaled the beginning of every series and also the time for recall. In the immediate recall condition the "bong" always came 1 second after the last digit in the series. In the delayed recall condition the "bong" came 11 seconds after the last digit. Ss were
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BEST COPY AVAILABLE required to keep "pencils up" during the interval between the initial and final "bons."
The main digit recall scores and the White-Black differences fur the two school districts are shown in fable 3. Since all of the differences, though
Insert We have looked at this by scoring FDS performance separately for digit The mean White-Black difference for digit series of 4, 5, 6 is 0.12; for series of 7, 8, 9 the White-Black difference is 0.13. The interaction of race x series length is nonsignificant (F < 1). But since the variances of short and long series differ, the White-Black differences should be expressed in units of the average standard deviation within each series length. The White-Black differences for the short and long series then are .089 and .075, respectively. Though nonsignificant, the race differences are in the opposite direction to the corresponding differences found for FDS and BDS. Therefore, it does not appear that difficulty level zer se is a determining factor in the interaction of race and forward-backward digit span.
Race of Examiner. Being tested by a person of a different race from one's own is a conceivable cause of anxiety. Yet studies have failed to demonstrate any significant interaction of race of tester x race of subject on either intelligence tests or digit memory tests (Jensen, 1974c) . To investigate this point specifically for individually administered digit span, which was the case in the WISC-R used in our main study, a Black and a White psychometrist individually It therefore seems very unlikely that the race of the testers had any significant influence on the WISC-R data of the main study.
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Sun nary Jensen's two-level theory of mental ability gives rise to the rather unlikely predictions that, since backward digit span involves more mental manipulation or transformation of input than forward digit span, BDS should be more loaded on Level II and therefore should be more highly correlated with general intelligence as indexed by IQ; and, since Level II ability is later in developing than Level 1 ability, the difference between forward and backward digit span should decrease with age over the range from 5 to 12 years. These predictions were fully borne out in large representative samples of White and Black children. In addition, since many studies havre. shown Whites and Blacks to differ in measures of general intelligence (e.g., Shuey, 1966) , and Jensen has argued that the magnitude of such differences is a function of the degree to which Level II processes predominate over Level I procAssee, in the cognitive demands of the particular test, it was hypothesized that Whites and Blacks should differ more in backward digit span than in forward digit span. This predicted interaction of race and forward vs. backward digit span proved highly significant.
Supplementary data were brought to bear on the possibility that this outcome might be due to greater situational clnxlety in the Blacks. But no evidence for this hypothesis was found in a test situation in which such anxiety, if it existed, could reasonably be expected to have a significant effect. Moreover, a difference in tank difficulty zer se was shown to be an unlikely explanation of the results. Nor was there evidence of a significant influence of the race of the tester on memory span scores. The interactions of certain other WISC subtests with race might be explained in terms of diffefencns in the experience or cultural background of Blacks and Whites. But it is hard to imagine how that kind of explanation would apply to forward and backward digit span.
